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[5 7] ABSTRACT 
Mono O-hydroxyalkylated derivatives of 1,1-dihy 
droper?uorinated or 1H,l-alkylperfluorinated alcohols 
are prepared by reacting the alcohols with alkylene 
carbonates at a temperature of at least 60'’ C. in the 
presence of a one- or two-part catalyst. The catalyst is 
a nitrogenous base, optionally in combination with a 
tetraalkylammonium halide. The O-hydroxyalkylated 
derivatives are useful non-ionic surfactants and emulsi? 
able compounds for ?re extinguishing systems. 

12 Claims, N0 Drawings 
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PROCESS FOR HYDROXYALKYLATION OF 
FLUORINATED ALCOHOLS 

FIELD OF THE INVENTION 

This invention relates to a novel process for the prep 
aration of O-hydroxyalkylated derivatives of l,l-dihy 
droper?uorinated or lH,l-all<ylper?uorinated alcohols. 
The O-hydroxyalkylated derivatives are useful as inter 
mediates in the preparation of liquid crystals, and as 
non-ionic surfactants and erriulsi?able compounds for 
?re extinguishing systems. 

BACKGROUND OF THE INVENTION 

O-Hydroxyalkylation of 1,1-dihydroper?uorinated 
alcohols has most commonly been conducted using 
alkylene oxide reagents. U.S. Pat. No. 3,394,115, for 
example, teaches the O-hydroxyethylation of 2,2,2-tri 
?uoroethanol using ethylene oxide. Despite employing 
a 1:1 stoichiometry of reactants, the monohydroxye 
thylated product was obtained in only 50 percent yield, 
with the simultaneous formation of the product result 
ing from addition of two molecules of ethylene oxide in 
25 percent yield. The problem of polyalkylation was 
circumvented somewhat in U.S. Pat. No. 3,532,674 
(Example 1, Method B). By slowly adding, over the 
course of several hours, two-thirds of an equivalent of 
ethylene oxide per equivalent of 1,1-dihydroper 
fluorinated alcohol, a reasonably good selectivity to the 
monohydroxyethylated product was achieved. The 
conversion (based on starting alcohol), however, was 
not indicated and, even so, the theoretical yield could 
only be 67 percent. The problem with alkylene oxides, 
aside from their toxicity and well-known explosion 
potential, is that they do not discriminate well between 
starting and product alcohols. 

In contrast, alkylene carbonates have been utilized to 
provide O-hydroxyalkylated phenols (of. T. Yoshino, et 
al., Bull. Chem. Soc. Japan, 46, 553 (1973)) and per 
?uoroalkanesulfonamides (of. H. Niederpruem, et al., 
Liebigs Ann. Chem, 11 (1973)). Alkylene carbonates are 
stable, relatively inexpensive, non-toxic, and non-gase 
ous (at room temperature and pressure) compounds. 

In related work, ethylene sul?te has been utilized to 
provide O-hydroxyethylated l,l-dihydroper?uorinated 
alcohols (see U.S.S.R. 482,433 (1976)). Aside from the 
increased cost of the reagent, emission of the extremely 
acidic sulfur dioxide by-product can lead to significant 
processing and pollution problems. 
A process for the O-hydroxyalkylation of 1,1-dihy 

droper?uorinated alcohols has been disclosed in U.S. 
Pat. No. 4,906,792. This process is particularly useful 
with alcohols with boiling points of at least 140° C. 

SUMMARY OF THE INVENTION 

The present invention provides an improved process 
for the mono O-hydroxyalkylation of 1,1-dihydroper 
?uorinated or lH,l-alkylper?uorinated alcohols. 

Brie?y, the present invention involves reaction of 
l,l-dihydroper?uoroalcohols or lH,l-alky1per 
fluorinated alcohols with an alkylene carbonate in the 
presence of a catalyst. Alkylene carbonates react princi 
pally with 1,1-dihydroper?uorinated or 1H,1-alkylper 
?uorinated alcohols and not with the O-hydroxyalk 
ylated alcohol products, thereby affording a' high selec 
tivity towards monoalkylation. Nitrogen-containing 
bases optionally in combination with tetraalkylam 
monium halides are effective and efficient catalysts in 
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2 
the hydroxyalkylation of l,l~dihydroper?uoroalcoholsi 
or 1H,l-alkylper?uoroalcohols. 

In particular, the present invention provides an im 
proved process for} the O-hydroxyalkylation of 1,1 
dihydroper?uorinated or lH,l-alkylperfluorinated al 
cohols with boiling points of less than 140° C. 
The process of the present invention provides mono 

ether products almost exclusively, in contrast to some 
of the other known methods which yield signi?cant 
amounts of polyether by-products. 
The O-hydroxyalkylated derivatives are useful as 

nonionic surfactants and emulsi?able compounds for 
?re extinguishing systems. Additionally, the O-hydrox 
yalkylated derivatives are useful synthetic intermediates 
to esters which are more hydrolytically stable, are less 
prone to crystallize, and are often more thermally stable 
than esters derived from the starting l,l-dihydroper 
fluorinated or lH,l-alkylper?uorinated alcohols. 

In this application: 
“alkyl” and “alkylene” mean the monovalent and 

divalent residues remaining after removal of one 
and two hydrogen atoms, respectively, from a lin 
ear or branched chain hydrocarbon having 1 to 20 
carbon atoms; 

“lower” alkyl means G1 to C-4 alkyl; 
“aryl" means the monovalent residue remaining after 
removal of a hydrogen atom from an aromatic 
compound (single ring and multi- and fused-cyclic) 
having 5 to 12 ring atoms and includes substituted 
aromatics such as lower alkaryl and aralkyl, lower 
alkoxy, N,N-di(lower alkyl)amino, nitro, cyano, 
halo, and lower alkyl carboxylic acid ester, 
wherein ‘flower” means 01 to C-4; 

“cycloalkyl” means the monovalent residue remain 
ing after removal of a hydrogen atom from a satu 
rated cyclic hydrocarbon having 3 to 12 carbon 
atoms; 

“essentially pure” means greater than 90 weight per 
cent of the desired compound; and 

“substantially perfluorinated” means hydrocarbon 
groups in which at least 50 percent of the hydrogen 
atoms have been replaced by ?uorine. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

This invention provides a method for the preparation 
of essentially pure mono O-hydroxyalkylated l,l-dihy 
droper?uorinated or II-LI-aIkylper?uorinated alcohols, 
the method being accomplished by reaction of a 1,1 
dihydroper?uorinated or ll-I,1-alkylperfluorinated al 
cohol of Formula I: 

R1 I 
I 

(HOCHMRF 

wherein 
R1 is hydrogen or lower alkyl; 
a is l or 2; and 

RF is a alkyl, cycloalkyl, or aryl group when a is 1, 
and fluorinated alkylene when a is 2, with an alkyl 
ene carbonate of Formula II: 
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R- =0 
\ / 
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wherein 
R2 is an alkylene group having 2 to 4 carbon atoms, in 

the presence of an effective amount of a catalyst to 
produce an O-hydroxyalkylated compound having 
Formula III: 

R1 III 
I (nonlocmaap 

wherein R‘, R2, a, and R; are as de?ned above. 
Many of the fluorinated alcohols of Formula I useful 

in the invention are commercially available. These in 
clude 
2,2,2-tri?uoroethano1; 
2,2,3,3-tetra?uoro-1,4-butanediol; 
1H, 1 H, SH-tetra?uoro- l -propanol; 
3,3,4,4,4-penta?uoro-2-butanol; 
1H, lH-penta?uoro- l -propanol; 
2,2,3,3,4,4-hexa?uoro-1,5-pentanediol; 
lH,lH-hepta?uoro-l-butanol; 
1,1, l,2,2,3,3-hepta?uoro-4~octanol; 
3,3,4,4,5,5,S-hepta?uoro-Z-pentanol; 
3,3,4,4,5,5,6,6-octa?uoro-2-heptanol; 

1H, 1 H,5H~octa? uoro- l -pentanol; 
2,2,3,3,4,4,5,5,6,6-decafluoro-lrmethylheptan-l-ol; 
undeca?uorocyclohexylmethanol; 
lI-I,lH,7H-dodecaf1uoro-l-heptanol; 
1H,]H-pentadeca?uorooctan-1-01; 
lH,lH,9H-hexadeca?uoro-l-nonanol; and 
1H, 1 H, 1 lH-eicosafluoro- l -undecanol. 

Suitable alkylene carbonates of formula 11 include 
ethylene carbonate, propylene carbonate, and 1,3-diox 
an-2~one, with ethylene carbonate being preferred. The 
alkylene carbonates are available from Aldrich Chemi 
cal Co. 
The catalyst used in the process of the present inven 

tion can be a single catalyst designated A, or a combina 
tion of two catalysts, A+B. 
“A” catalysts can be nitrogenous bases such as ali 

phatic or aromatic tertiary amines. Preferably the ni 
trogenous bases are trisubstituted alkylamines, wherein 
the alkyl groups are independently selected from alkyl 
groups having 1 to 20 carbon atoms. Representative 
nitrogenous bases useful in the present invention include 
triethylamine, tributylamine, trihexylamine, and imidaz 
ole, all of which are commercially available from Ald 
rich Chemical Co. 
“B” catalysts can be any of the tetraalkylammonium 

halides wherein halide can be chloride, bromide, or 
iodide, and the alkyl group can be independently se 
lected from alkyl groups having 1 to 20 carbon atoms. 
Representative examples include tetrabutyl ammonium 
iodide. tetramethylammonium iodide, and tetraethylam 
monium bromide. Preferred anions are bromide or io 
dide. These catalysts are commercially available from 
Aldrich Chemical Co. , 

The reaction is most ef?ciently conducted by mixing 
an 1,1-dihydroper?uorinated or lH,l-alkylper 
?uorinated alcohol; 1.00-3.00 equivalents (based on the 
alcohol), preferably 1.25-1.75 equivalents, of an alkyl 
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4 
ene carbonate; 0.01-5 equivalents (based on the alco 
hol), preferably 0.75-1.25 equivalents, of a nitrogenous 
base; and optionally LOO-10.00 weight percent (based 
on alcohol) of a tetraalkylammonium halide catalyst, 
preferably 2.00-5.00 weight percent of the tetraalk 
ylammonium halide catalyst. The reaction mixture is 
then warmed to at least 60° C., preferably in the range 
of 90°—140° C., until gas emission, i.e. carbon dioxide, 
ceases. The reaction mixture is then cooled. The nitrog 
eneous base can then be removed by distillationif its 
boiling point is lower than that of the resulting product. 
The resulting O-hydroxyalkylated product is obtained 
by distillation. 

If the O-hydroxyalkylated products are further alkyl 
ated at all in the process, it probably derives from alkyl 
ene oxide formation from the alkylene carbonate-This 
takes place slowly at the above speci?ed reaction tem 
peratures but occurs at appreciable rates at tempera 
tures above 160° C. (for the preferred ethylene carbon 
ate). 
The mono O-hydroxyalkylated 1,1-dihydroper 

?uorinated or 1H,l-alkylper?uorinated alcohol prod 
ucts of the invention possess both hydrophobic (RF) and 
hydrophilic (O—R2—OH) regions and are potent sur 
face active agents. Therefore, the alcohol products ?nd 
utility as non-ionic surfactants in a variety of applica 
tions including ?re extinguishing systems because of 
their ability to ?oat water on top of gasoline and or 
ganic liquids. Furthermore, the O-hydroxyalkylated 
products are useful reactants for synthesizing carbox 
ylic acid esters. Because the less acidic O-hydroxyalk 
ylated alcohol products make poorer leaving groups in 
hydrolysis reactions, these ester products are more hy 
drolytically stable then those derived from 1,1-dihy 
droperfluorinated alcohols. Another bene?t is that in 
corporation of an ether group provides a “swivel” ac 
tion to the ester group which inhibits crystallization. 
This is especially useful in acrylate or 
acrylamidoacylated ester monomer products and their 
utilization in UV curing situations which are most pref 
erably performed in the absence of solvents. In addition, 
the products of the invention are useful intermediates in 
the preparation of low viscosity liquid crystals. 

Objects and advantages of this invention are further 
illustrated by the following examples, but the particular 
materials and amounts thereof recited in these examples, 
as well as otherconditions and details, should not be 
construed to unduly limit this invention. In all Examples 
the identity of the product was confirmed by spectral 
analysis (IR, 1I-I-NMR, and 13C-NMR spectroscopy) 
and purity was determined by gas chromatography. 

EXAMPLE 1 

2,2,2-Tri?uoroethanol (10.0 g, 0.10 mol), triethylam 
ine (10.1g, 0.10 mol), ethylene carbonate (13.2 g, 0.15 
mol) and tetrabutyl ammonium iodide (0.74 g) were 
heated in a ?ask fitted with a re?ux condenser under 
nitrogen in an oil bath at 100° C. for 1 day. The triethyl 
amine and unreacted alcohol were removed by distilla 
tion. The product 2-(2,2,2-tri?uoroe'thoxy)ethanol, b.p. 
138° C., was obtained in 61% yield (8.6 g) of 97% pure 
material. 

EXAMPLES 2-1 1 

EXAMPLES 2-11 utilized the same components and 
procedure as EXAMPLE 1 except for the amine base 
used. The amine base used, amount of amine base when 
present, yield of product, i.e., 2-(2,2,2-tri?uoroethoxy)e 
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thanol obtained, and purity of product, are shown in 
TABLE 1 below. 

TABLE I 

Tetrabutyl 
Amount of ammonium Yield of 

Amine Base amine base iodide (g) Product‘ 
Example “A“ (mol) “B“ ‘72 

2 triethylamine 0.05 0.74 54 
3 tributylamine 0.10 , 0.74 74 
4 trihexylamine 0.10 0.74 56 
5 imidazole 0.10 0.74 42 
6 tributylamine 0.01 0.74 42 
7 trihexylamine 0.01 0.74 27 
8 triethylamine 0.10 0.74 72 
9 tributylamine 0.10 0 66 
10 trihexylamine 0.10 0 60 
ll triethylamine 0.10 0 61 

'2-(2.2.Z-tri?uoroalkoxykthanol 

EXAMPLE 12 

l,l-dihydroper?uorobutanol (20.0 g, 0.10 mol), tri 
ethylamine (10.1 g, 0.10 mol), ethylene carbonate (13.2 
g, 0.15 mol) and tetrabutyl ammonium iodide (0.74 g) 
were heated in a ?ask ?tted with a re?ux condenser 
under nitrogen in an oil bath at 100° C. for 1 day. The 
triethylamine and unreacted alcohol were distilled off 
before the product 2-(2,2,3,3,4,4,4-hepta?uorobutoxy)e 
thanol, b.p. 80° C. (30 mm), was obtained in 70% yield 
of 97% pure material. 
The product was useful in the preparation of low 

viscosity liquid crystals. 

EXAMPLE 13 

The components and procedure used were the same 
as in EXAMPLE 12 except no tetrabutylammonium 
iodide (“B” catalyst) was used and the reaction time 
was 16 hours. Isolation was as in'EXAMPLE 12 to 
afford the product 2-(2,2,3,3,4,4,4-hepta?uorobutoxy)e 
thanol in 62% yield. 

EXAMPLE 14 

l,1,3-trihydroperfluoropropanol (1 equivalent), tri 
ethylamine (1 equivalent) and ethylene carbonate (1.5 
equivalents) were heated in a ?ask ?tted with a re?ux 
condenser under nitrogen in an oil bath at 95° C. for 16 
hours. The triethylamine and unreacted alcohol were 
distilled off and the product 2-(2,2,3,3-tetra?uoro~ 
propoxy)ethanol in 67% yield after vacuum distillation. 

EXAMPLE 15 

l,l-dihydroper?uoropropanol (1 equivalent), trieth 
ylamine (1 equivalent) and ethylene carbonate (1.5 
equivalents) were heated in a ?ask ?tted with a re?ux 
condenser under nitrogen in an oil bath at 95° C. for 16 
hours. The triethylamine and unreacted alcohol were 
distilled off and the product 2-(2,2,3,3,3-penta?uoro 
propoxy)ethanol in 72% yield after vacuum distillation. 

EXAMPLE 16 

1,1,5-trihydroper?uoropentanol (1 equivalent), tri 
ethylamine (1 equivalent) and ethylene carbonate (1.5 
equivalents) were heated in a ?ask fitted with a re?ux 
condenser under nitrogen in an oil bath at 95° C. for 16 
hours. The triethylamine was removed by aqueous acid 
extraction and unreacted alcohol was distilled off and 
the product 2-(2,2,3,3,4,4,5,5-octa?uoropentyloxy)e 
thanol in 65% yield after vacuum distillation. 

6 

EXAMPLE 17 

1,l-dihydroper?uorooctanol (1 equivalent), triethyl 
amine (1 equivalent) and ethylene carbonate 91.5 equiv 

5 alents) were heated in a ?ask ?tted with a re?ux con 
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denser under nitrogen in an oil bath at 95° C. for 28 
hours. The triethylamine was removed by aqueous acid 
extraction and unreacted alcohol was distilled off and 
the product 2-(2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-pentadeca 
?uorooctyloxy)ethanol in 66% yield after vacuum dis 
tillation. 

Various modi?cations and alterations of this inven 
tion will become apparent to those skilled in the art 
without departing from the scope and spirit of this in 
vention, and it should be understood that this invention 
is not to be unduly limited to the illustrative embodi 
ments set forth herein. 
We claim: 
1. A process comprising the steps: 
a) reacting 

(1) a ?uorinated alcohol having the formula 

R] I 
l 

(HOCl-DaRF 

wherein 
R1 is hydrogen or lower alkyl; 
a is 1 or 2; and 
R1: is a ?uorinated alkyl, cycloalkyl, or aryl 
group wherein at least 50 percent of the hy' 
drogen atoms have been replaced by ?uorine 
when a is 1, and ?uorinated alkylene wherein 
at least 50 percent of the hydrogen atoms have 
been replaced by ?uorine when a is 2; with 

(2) an alkylene carbonate having the formula 

11 

R2 =0 
\ / 
0 

wherein 
R2 is an alkylene group having 2 to 4 carbon 

atoms; 
(3) in the presence of an effective amount of a cata 

lyst consisting of a nitrogenous base selected 
from the group consisting of aliphatic and aro 
matic tertiary amines; and 

b) isolating the resulting O-hydroxyalkylated deriva 
tive of said ?uorinated alcohol having the formula 

R1 111 
l (noizlocmntp 

wherein R1, R2, a, and R; are as de?ned above. 
2. The process according to claim 1 wherein said 

?uorinated alcohols are'selected from the group con 
sisting of 
2,2,2-tri?uoroethanol; 
2,2,3,3-tetra?uoro-l,4=butanediol; 
lH,1H,3H-tetra?uoro-l-propanol; 
3,3,4,4,4-penta?uoro-2-butanol; 
lHlH-penta?uoro-l-propanol; 
2,2,3,3,4,4-hexa?uoro-1,5-pentanediol; 
1H,lH-hepta?uoro-l-butanol; 
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1,1,1 ,2,2,3,3-hepta?uoro-4-octanol; 
3,3,4,4,5,5,S-hepta?uoro-Z-pentanol; 
3,3,4,4,5,5,6,6-octa?uoro-2-heptanol; 
1H,1H,6H,6H-octa?uorohexanedio]; 
1H, 1 H,5H~octa?uoro- 1 ~pentano1; 
2,2,3,3,4,4,5,5,6,6-deca?uoro-l-methylheptan-l-ol; 
undeca?uorocyclohexylmethanol; 
1H,1l-1,7H-dodeca?uoro-l-heptanol; 
1H, 1 H-pentadeca?uorooctan- 1-0 1; 
1H,1H,9H-hexadeca?uoro-l-nonanol; and 
1H,1H,l lH,-eicosa?uoro-1-undecanol, 

3. The process according to claim 1 wherein said 

alcohol is 1, l -dihydroper?uoro- l -octanol. 
4. The process according to claim 1 wherein said 

alkylene carbonate is ethylene carbonate. 
5. The process according to claim 1 wherein said 

catalyst is a trisubstituted alkylamine. 
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8 
6. The process according to claim 1 wherein said A 

catalyst is selected from the group consisting of triethyl 
amine, tributylamine, trihexylamine, and imidazole. 

7. The process according to claim 1 wherein said 
alkylene carbonate is present in the range of 1.00 to 3.00 
equivalents based on the alcohol. 

8. The process according to claim 1 wherein said 
alkylene carbonate is present in the range of 1.25 to 1.75 
equivalents based on the alcohol. 

9. The process according to claim 1 wherein said 
catalyst is present in the range of 0.01 to 5.0 equivalents 
based on the alcohol. 

10. The process according to claim 1 wherein said 
catalyst is present in the range of 0.75 to 1.25 equiva 
lents based on the alcohol. 

11. The process according to claim 1 wherein said 
reaction mixture is heated at a temperature of at least 
60° C. 

12. The process according to claim 1 wherein said 
reaction mixture is heated at a temperature in the range 
of 90° to 140° C. 

i i i t 0 
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